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Capillary electrophoresisDiscrimination of Alu insertions is a useful tool for geographic ancestry analysis, and is usually performed by
Alu element ampliﬁcation and agarose gel electrophoresis. Here, we have developed a new ﬂuorescence-
based method for multiple Alu genotyping in forensic identiﬁcation. Allele frequencies were determined in
70 Japanese individuals, and we selected 30 polymorphic Alu insertions. Three primers were designed for
each Alu locus to discriminate alleles using the 3–6 bp differences in amplicon sizes. Furthermore, we classiﬁed
the ampliﬁcation primers for the 30 loci into three different sets, and PCR using each set of primers provided 10
loci fragments ranging from 50 to 137 bp. Based on population data, the probability of incorrectly assigning a
match was 3.7×10−13. Three independent ampliﬁcations and subsequent capillary electrophoresis enabled
the sensitive genotyping of small amounts of DNA, indicating that this method is suitable for identifying
individuals of Japanese ethnicity.
© 2012 Elsevier Inc. All rights reserved.1. Introduction
Alu insertions are approximately 300 bp long repetitive elements
derived from 7SL RNA genes and there are over one million copies
in the human genome [1,2]. Thus, these insertions represent one of
the most successful mobile elements. Alu elements consist of GC-
rich sequences that include target site duplications. The majority of
Alu elements are ﬁxed in the genome, and Alu genotyping has been
proposed as a useful tool for geographic ancestry analysis [3–5]. In ad-
dition, the presence of Alu insertions indicates identity by descent,
and Alu elements are thought to be nearly homoplasy-free characters.
In general, Alu genotyping is performed by the ampliﬁcation of Alu ele-
ments using non-labeled forward and reverse primers, and ampliﬁca-
tion products are distinguished by agarose gel electrophoresis. For
example, the 500/200 bp products would be ampliﬁed in the presence
or absence of an insertion, respectively, and the types of alleles can be
clearly visualized.
Forensic identiﬁcation is usually performed on short tandem repeats
(STRs) using commercial kits. Multiplex PCR using ﬂuorescence-labeled
primers provides a maximum of 15 STR loci fragments in a single-tube
reaction. Therefore, rapid genotyping can be performed in routine test-
ing by subsequent capillary electrophoresis. However, the ampliﬁcation
products of STR genotyping range from approximately 100 to 400 bp,i).
rights reserved.and parts of the proﬁles are often missing because of DNA degradation
[6]. Moreover, the high mutation rates in polymorphic STRs are some-
times problematic for kinship testing; this necessitates the introduction
of new genetic markers. Although single nucleotide polymorphisms
(SNPs) are also informative genetic markers for forensic identiﬁcation
[7,8], SNP genotyping is complicated when using commercial kits such
as the SNaPshot Multiplex kit (Applied Biosystems, Foster city, CA).
Moreover, allele-speciﬁc ampliﬁcation, which is the most popular
method, may produce pseudopositive signals because of single nucleo-
tide differences [9]. In recent years, polymorphic Alu loci have been
identiﬁed [10], and Alu genotypingwould be a useful tool for identiﬁca-
tion if simple Alu detection systems were developed. Agarose gel
electrophoresis-based Alu insertion discrimination is not suitable for
detecting low amounts or degraded DNA. Alu genotyping is usually per-
formed by a single PCR assay, and Alu insertions are mainly used for
gender determination and DNA quantitation in the forensic ﬁeld [11].
In this study, we focused on a multiple Alu genotyping method for
forensic identiﬁcation. The usefulness of an identiﬁcation method is
often evaluated by polymorphisms in a single locus or combined
loci, as well as its performance in terms of multiplexing, sensitivity,
simplicity and speciﬁcity of genotyping techniques. We analyzed
Alu insertions in the Japanese population and developed a
ﬂuorescence-based genotyping method using 30 polymorphic Alu in-
sertions for forensic identiﬁcation. This system targets the Japanese
population for identifying speciﬁc individuals. This method enables
the discrimination of multiple Alu loci by three independent ampliﬁ-
cations and subsequent capillary electrophoresis, and permits
Table 1
Frequencies of alleles and genotypes in 30 Alu loci.
Alu
no.
Allele
frequency
Genotype frequency He Pm p
Alu+ Alu− Alu+/
Alu+
Alu+/
Alu−
Alu−/
Alu−
1 0.51 0.49 0.29 0.44 0.27 0.500 0.351 0.345
2 0.47 0.53 0.19 0.57 0.24 0.498 0.420 0.336
3 0.61 0.39 0.37 0.49 0.14 0.474 0.394 1.000
4 0.48 0.52 0.19 0.59 0.23 0.499 0.430 0.230
5 0.59 0.41 0.37 0.43 0.20 0.485 0.362 0.331
6 0.61 0.39 0.36 0.51 0.13 0.474 0.409 0.615
7 0.28 0.72 0.09 0.39 0.53 0.402 0.436 0.767
8 0.55 0.45 0.30 0.50 0.20 0.495 0.380 1.000
9 0.34 0.66 0.11 0.46 0.43 0.451 0.406 1.000
10 0.54 0.46 0.29 0.50 0.21 0.497 0.378 1.000
11 0.50 0.50 0.26 0.49 0.26 0.500 0.368 0.814
12 0.57 0.43 0.33 0.49 0.19 0.490 0.378 0.808
13 0.58 0.42 0.33 0.50 0.17 0.488 0.387 1.000
14 0.60 0.40 0.39 0.43 0.19 0.480 0.367 0.454
15 0.67 0.33 0.43 0.49 0.09 0.441 0.427 0.587
16 0.51 0.49 0.26 0.50 0.24 0.500 0.375 1.000
17 0.56 0.44 0.34 0.43 0.23 0.493 0.353 0.331
18 0.67 0.33 0.46 0.43 0.11 0.441 0.406 0.790
19 0.46 0.54 0.24 0.44 0.31 0.497 0.354 0.347
20 0.64 0.36 0.43 0.41 0.16 0.463 0.380 0.438
21 0.35 0.65 0.14 0.41 0.44 0.455 0.388 0.440
22 0.55 0.45 0.31 0.47 0.21 0.495 0.367 0.809
23 0.70 0.30 0.51 0.37 0.11 0.420 0.416 0.392
24 0.66 0.34 0.44 0.44 0.11 0.446 0.405 1.000
25 0.47 0.53 0.21 0.51 0.27 0.498 0.384 1.000
26 0.49 0.51 0.24 0.50 0.26 0.500 0.375 1.000
27 0.50 0.50 0.26 0.49 0.26 0.500 0.368 0.814
28 0.63 0.37 0.39 0.49 0.13 0.467 0.401 0.804
29 0.57 0.43 0.36 0.43 0.21 0.490 0.357 0.330
30 0.60 0.40 0.40 0.40 0.20 0.480 0.360 0.211
Alu+, insertion alleles.
Alu−, absence of insertions.
He, expected heterozygosity.
Pm, matching probability.
p, exact p-value for Hardy–Weinberg equilibrium.
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polymorphic Alu insertions would be a useful tool for forensic
investigations.
2. Results
2.1. Highly polymorphic Alu screening
Alu insertions are widely dispersed in the human genome, and
several databases [12,13] provide information on their genome loca-
tion and/or allele distribution. Alu insertions are differentially distributed
among populations, and some may be restricted to particular geo-
graphical groups [4]. However, some information is incomplete,
and the use of some loci data may be problematic because they in-
clude Alu elements predicted by computational screening.
For the screening of polymorphic Alu insertions, we analyzed the
presence or absence of insertions at Alu loci selected from previously
published data sets [10,12], using genomic DNA from buccal swabs.
Each allele was identiﬁed by agarose gel electrophoresis analysis to
calculate the frequencies of the alleles in Japanese individuals. This
method typically provided PCR products of 200–300 bp for the ab-
sence of insertions and 500–600 bp for insertion alleles, as shown in
Fig. 1. The frequencies of alleles in biallelic makers should be close
to 0.50 for enhanced discrimination in forensic applications. Of the
Alu loci analyzed from 70 Japanese individuals, we selected 30 Alu
loci with allele frequencies ranging from 0.25 to 0.75 and a heterozy-
gosity value of approximately 0.4, by genotyping (Table 1). We also
ensured that Alu loci on the same chromosome (chromosomes 1, 2,
3, 5, 6, and 8) were at least 40 Mb apart. Frequencies of Alu insertions
varied between 0.28 and 0.70 in the set of 70 individuals. Statistical
tests were performed for Alu characterization, including Hardy–
Weinberg equilibrium tests and exact tests for linkage disequilibrium.
We did not observe signiﬁcant deviations (pb0.05) for any Alu se-
quence in the Japanese population, and no signiﬁcant deviation was
observed in the linkage disequilibrium tests on the same chromo-
some. Based on the population data, the matching probability (Pm)
ranged from 0.351 to 0.436, and the probability of incorrectly assign-
ing a match based on the accumulated Pm from 30 loci was
3.7×10−13. Allele frequencies in eight common loci did not differ
from the data published on other populations [10], and the average
of the differences of allele frequencies was 0.09 (maximum, 0.17).
Similar to biallelic SNPs and indels, polymorphic Alu insertions can
be used for identiﬁcation by the combination of a large number of ge-
netic markers, such as 30–50 loci [14–17].
2.2. Fluorescence-based Alu discrimination
We developed a ﬂuorescence-based genotyping method for Alu
insertion polymorphisms. As shown in Fig. 2, three primers (one for-
ward and two reverse) were designed for each Alu locus. The forward
primer, which binds to sequences with and without insertions, wasFig. 1. Typical discrimination of Alu insertion polymorphisms by agarose gel electro-
phoresis. Genotypes were clearly visualized using genomic DNA (lanes 1–6), while
no band was identiﬁed in the negative control (lane 7). Lane M indicates the DNA
marker. Arrows indicate the presence and absence of insertions.labeled at its 5′ end by the ﬂuorescent dye (FAM). On the other
hand, the extension reaction using two reverse primers depends on
the types of alleles. Ampliﬁcation by these primers produced two
fragments (short fragment I and a long fragment) for insertion alleles
and one fragment (short fragment II) in the absence of insertions. We
added AT-rich sequences at the 5′ end of the primers to enable the
discrimination of short fragments I and II, and a maximum of 14 AT-
rich nucleotides were added (No. 24 reverse primer I). The sizes of
short fragment I were 3–6 bp shorter than those of short fragment II.
To discriminate between multiple Alu loci, we classiﬁed the ampli-
ﬁcation primers of the 30 loci into three different sets (Sets A, B, and C).
Each set contained fragments for 10 loci, and the length of products
were designed to be from 50 to 137 bp in each set (Table 2), because
shorter product sizes can be more successfully ampliﬁed, particularly
in degraded DNA. To complete the Taq DNA polymerase-based addition
of an extra adenine nucleotide onto the PCR products, we added a ﬁnal
extension (72 °C for 60 min) to the PCR steps; this reaction enabled
clear discrimination of Alu loci. After ampliﬁcation, FAM-labeled re-
duced size products in each set were separated and detected using
capillary electrophoresis (automated sequencer) with a ﬂuorescence
detection system. This system could discriminate short fragments I
and II by the 3–6 bp differences and could determine the presence
or absence of insertions in each Alu fragment. Although insertion
allele-derived long fragments in all loci are also ampliﬁed with
lengths of more than 300 bp, we detected only short fragment(s) in
18 min capillary electrophoresis runs, because allele discrimination
can be performed by short fragments, and not long ones. Moreover,
longer products, which can be detectable after more than 20 min of
Fig. 2. Alu insertion polymorphisms genotyping using ﬂuorescence-labeled PCR products. Ampliﬁcation was performed using a FAM-labeled forward primer and two non-labeled
reverse primers. Different sizes of ampliﬁcation products were observed, corresponding to the alleles present. Alleles were differentiated using two short fragments, where the sizes
of short fragments I were 3–6 bp shorter than those of short fragments II at each locus.
229M. Asari et al. / Genomics 99 (2012) 227–232an electrophoresis run, would be less efﬁciently ampliﬁed compared
with shorter products, and the detection of such products may not be
suitable for sensitive genotyping.
2.3. Multiplex Alu genotyping
Multiplex Alu genotyping of one individual was performed using
three independent ampliﬁcations with primer sets A, B, or C, followed
by capillary electrophoresis using three different injections of the
ﬂuorescence-labeled products. Fig. 3 shows the electropherograms
of a representative example using 1 ng of genomic DNA per PCR reac-
tion. FAM-labeled peaks can be clearly distinguished in each set of 10
loci corresponding to existing allele(s) in the genomic DNA using the
Genotyper 2.5 software. The presence and absence of insertions was
automatically assigned as (+) and (−) with the locus number
below the peak. Ampliﬁcation using optimized concentrations of
primers provided well-balanced signals, and the actual location of
peaks was close to the expected sizes of the PCR products (data not
shown). The genotyping results for 30 Alu loci in 70 genomic DNA
samples were completely in concordance with agarose gel-based dis-
crimination by typical PCR and multiplex PCR genotyping. The Pm ac-
cumulated from 30 Alu loci was approximately the same as those
from ten or more STRs in other commercial kits, as shown in Table 3.
Multiplex PCR performance was assessed using a low amount of
DNA, and full proﬁles were identiﬁed using as little as 0.25 ng of ge-
nomic DNA. Moreover, we conducted a blind experiment with dupli-
cate samples using 1 ng of 25 selected genomic DNAs and conﬁrmed
that the genotyping proﬁles completely matched in the duplicate
samples.
3. Discussion
In this study, we developed a new multiplex genotyping method
for 30 polymorphic Alu loci using three independent ampliﬁcations
and capillary electrophoresis. This method allowed the discrimination
of multiple loci using small amounts of DNA and would be suitable for
individual identiﬁcation.
While the majority of Alu insertions are ﬁxed in the genome, some
are polymorphic in the human population. Mamedov et al. [10]
screened polymorphic Alu loci using Russian population samples,
and reported a marker set using 32 polymorphic Alu insertions for in-
dividual identiﬁcation. Although Alu insertions are mainly used for
the analysis of ancestry [18] and association with certain diseases
[19], this research highlighted the potential of multiple Alu loci. In ad-
dition to SNP [7] or indel [15] genotyping, an additional marker set
based on Alu loci can be informative, particularly in cases of unsuc-
cessful genotyping of STR proﬁles. The usefulness of our method can
be assessed by the Pm accumulated for the 30 Alu loci; the data
from this method have a high discriminatory power, and the recipro-
cal of this value exceeds the world population. There is some evidencethat complete STR proﬁles are not necessarily conclusive of a familial
relationship [20]. The relationship between two individuals is generally
evaluated using the likelihood ratio (LR), which is calculated based on
the frequencies of common alleles. High LR values (>500) can indicate
their relationship. However, 10 ormore STRsmay provide lowLRvalues
(1–500) in real parental/sibling relationships. An increasing number of
Alu markers would theoretically improve LRs in such cases and help
validate these relationships. STRs themselves are used in worldwide
investigations, and new marker sets based on Alu loci may not
completely replace STRs-based systems.
Agarose gel electrophoresis-based discrimination of Alu fragments
is a cost-effective genotypingmethod, and it is certainly applicable for
multiple Alu loci without the complicated optimization of PCR condi-
tions, as described by Mamedov et al. [10]. However, this method
would be difﬁcult for detecting longer fragments (>500 bp) using
limited or degraded DNA templates. On the other hand, the three in-
dependent ampliﬁcations in this study produced short fragments
(b150 bp), and reduced amplicon sizes can be useful for Alu genotyping
in degraded DNA. In general, ﬂuorescence-based detection is more sen-
sitive than agarose-based systems. In this study, the optimal amount of
DNA was 0.5–1 ng in the PCR for multiplexing 10 loci reactions. On the
other hand, a typical agarose-based system requires 1–10 ng DNA for a
single Alu locus. The use of an automated sequencerwith a ﬂuorescence
detection system is the standard in forensic genetic laboratories, and
this method requires further reﬁnement to detect PCR products. Fur-
thermore, this system is useful for high-throughput genotyping using
multi-capillary types. Therefore, the combination of multiplex PCR
and ﬂuorescence-based capillary electrophoresis detection is applicable
for multiple Alu sequence genotyping. Full proﬁles of 30 Alu loci were
identiﬁed from 0.25 ng of genomic DNA. As expected, ampliﬁcation
using less than 0.25 ng of DNA resulted in drop-outs of expected loci
and alleles, indicating the presence of stochastic effects in ampliﬁcation
genotyping [21].
We identiﬁed no pseudopositive signals using both alleles. In PCR-
based SNP detection, the design of primers is a key factor for en-
hanced discrimination of SNPs. The 3′ ends of primers generally dis-
criminate SNPs [22], and these primers often contain 1–2
nucleotides mismatched to the template DNA. Although mismatch-
containing primers usually improve the speciﬁcity of ampliﬁcation,
these primers may also decrease the sensitivity of reactions, because
of the formation of mismatch nucleotides in template–primer du-
plexes [23]. In cases of low sensitivity, other strategies are required,
and shifts of SNP positions in the primers may recover the sensitivity
of genotyping [24]. The primers designed in this study were
completelymatched to the template sequences and did not signiﬁcantly
decrease the signals. Alu elements comprise GC-rich sequences, and
these components limit the sizes of amplicons. However, based on am-
pliﬁcation product length polymorphism analysis [25], we could dis-
criminate multiple Alu loci by adding non-complementary AT-rich
nucleotides to the 5′ ends of the primers.
Table 2
Sequences of Alu ampliﬁcation primers.
Set Alu no. Locus Sequence (5′-3′)a Size of short
Fragment (bp)b
Forward primer Reverse primer
A 1 3q11.2 FAM-ACAGACAAAAGCTACTGACAAA CCCGGCCCAACCTGAC 54
CAAGAACCCCACCAACCT 59
2 1q42.2 FAM-ACTATAAGGAGGCAAAGGAAGA CCCGGCCCATTCATCAG 64
CGATGATCCAGTCATTCATCAG 69
3 1q23.1 FAM-TTTCTTGGTGGCGTTTTTCA CGGCCCTTGCCCTACTT 74
TTTGCTGTCCTTGCCCTA 78
4 4q13.2 FAM-CTAAAATGTGATATTAACAAACCATAGTC aaataaataaatCCCGGCCCGCCATTTTT 82
aaTATTGTACTATACCAGAATATGCCATT 85
5 3p22.1 FAM-AGGGAAGCCAAAAGATTGGA GCCCGGCCTACATTTTCTTT 88
AATGGTGCCTCTTACATTTTCTTTT 92
6 5p15.2 FAM-TTTGTAGGCATTTTGTTACAGC TACAGGCGTGAAGTATTTTGTT 95
AATTACCCGGTCTGTAGTATTT 99
7 18q21.1 FAM-TTATGTGCCAGACAGCAAAC CCCGGCCACAGGTAGG 103
CTCTGCAAGGTCACAGGTAG 108
8 2q21.2 FAM-CGCCTCTTCTCCTTCTGTTT CCCGGCCTCGTCTCTTTT 111
GTTCTCCTCACTCGTCTCTT 115
9 5q12.1 FAM-GCCTAGGTTGAATAGCCACTT aaataaaCCCGGCCGAAAATTGTTT 121
TTTGGAAGATGAAGAAATAGAAAATTG 126
10 8q23.1 FAM-GTTTGACAGTCTTCACAGGC aaCCCGGCCAGCCCATTTT 130
aaTGTAGAAGTCAAGCCCATTTT 134
B 11 2q37.3 FAM-AGTCAGAAGACAGGGTTGAA aaaCCCGGCCTCCACGTTCTTT 53
ACATCCAGGCTTACTCCA 57
12 3q28 FAM-TGGTTTTGGATCAATGTCATCT CCGGCCCTGTGTTTTTTAT 62
ACTGTTGTCACCTGTGTTTT 67
13 14q23.1 FAM-ACCAACAAATCAAAGGCAAATATAAA aaataaataaaGCCCGGCCCTAAAAGTATTAT 71
CACTGAGAAACAAAAGTATCTAAAACTAA 77
14 6q25.3 FAM-CAATCAGAGTGCATCCTTCC aaataaCCCGGCTCCATCTATCTTT 81
TCTGTCTATCTATCCCTCCATCT 85
15 10q22.1 FAM-TATGTTACTGACAATCTGTTAACTTTTGG aaataACCGTGCCCGGCCTTTATT 88
AGCTGTAGTAAATTCTTAGGGTTTTT 93
16 7p21.3 FAM-CTGGCTAGGGACAACAGTTT ACAGGCGTGATATTCCCTTC 96
TCTTTCTCCCAAGATATTCCCTT 100
17 19q13.12 FAM-aaataaCTAAACGTTGGAATATAATTAAGGCT aaCGGCCGCGATAAAGTTTT 104
TTATTACTTCCAGCGATAAAGTTTTTAGT 109
18 11q14.2 FAM-AAATAACCAGAAAGTAGAATACAGAGACAA aaaGCGCCCGGCCAATCTCTCAA 112
CTCTTTTTATTTGTTCTCAATCTCTCAAA 117
19 16q23.3 FAM-AATTTTGAAAAGAAAGGACAAAGTTGG CAGGTGTGACATATGTCCAT 120
TGCTCCATTTATCCATGTGTC 124
20 9p13.3 FAM-GAACAAAAGGGCAGACATGC GCCCGGCCTGAACATAT 129
TGAGTGGAGTCTCTGAACAT 134
C 21 21q21.2 FAM-GCAAAGACTACATCATTTACTGTTCA GCGCCCGGCTGTCACTA 50
AAGCACCCGGCCGAGTCACTAT 54
22 20p11.23 FAM-AGGTCGGAGCTCTCATGAAT CGCCCGGCCCAGGGCCTCT 59
TGAGGGAGCTCTCCAGGG 63
23 12q24.32 FAM-AGCTTTCGTGTAGCATTTGT aaGCGCCCGGCCGGGATTTTTAA 69
TTCTAGAGAAACTGAAGGGATTT 73
24 1p32.1 FAM-GCTACCCTCCTATGAGTGAC aaataaataaataaGCCCGGCCATCATTTGAA 77
ATTATGTGTACTGAAGATGACATT 83
25 17p12 FAM-TGTAAGAAGAAATGCTTGGCA GCCCGGCCAAGGGTAAAGAC 87
ACACGCATAATGAAAGGGTAAA 92
26 15q23 FAM-ACTGAGCAAAATATGACTTAGGAA aaCCGGCCCCGATATGATTTT 98
AACAGTATGAATCCGATATGATTTT 102
27 8p22 FAM-ACCCACATTTATCAGTACCTACA aaataaataGCCCGGCCGATATCTGGAA 105
TACAAGAGATAACAATCAATCCAGATA 111
28 13q34 FAM-TGTACTTAATGCCACTACACTG aaaCGGCCCCCTATGAATTTTT 116
aaTCATCCCTGCCCCTATGAATTTTT 120
29 22q11.21 FAM-AGGTAGTGAGCTGCTTTCTC GCCCGGCCTCCTGAGTTT 124
GATTCACAAGGCATCCTGAG 129
30 6q12 FAM-TAATTTGACAAGTTTTCTCATGTGG aaataaataaCGCGCCCGGCCTTTTCTT 133
GGAACTGTGTTAAGTATTTGGTATTTTT 137
a Small letters indicate mismatches between primers and template DNA sequences.
b Two short fragments of the indicated lengths were identiﬁed for each Alu locus.
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studies. Ourmethod can be applied in these cases andwould enable the
rapid discrimination of insertion types. In addition to capillary
electrophoresis-based detection, various technologies using high-
resolution melting analysis [26], dHPLC [27], or microchips [28] have
been introduced to detect Alu insertions, and the optimum genotyping
method should be selected depending on the number of samples or Alu
loci. Our method allows the discrimination of 30 Alu loci using FAM-labeled reduced size fragments, and we can simultaneously analyze
much larger loci using other ﬂuorescent dyes. Larger polymorphic Alu
insertions data sets would enhance the discrimination of individuals;
thus, more comprehensive screening of polymorphic Alu insertions is
required to further develop this method.
In conclusion, we characterized 30 polymorphic Alu loci in the
Japanese population, using a novel Alu genotyping method that al-
lows multiplex PCR ampliﬁcation of small amounts of DNA.
Fig. 3. Electropherograms of the representative example of Alu genotyping. Three independent ampliﬁcations were performed using 1 ng of genomic DNA. Using the Genotyper v2.5
software with standard allelic ladder, the presence and absence of insertions was automatically assigned as (+) and (−) with the locus number below the peak.
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using a ﬂuorescence-based automated sequencer, which standard in
forensic genetic sciences. The Alu insertion polymorphisms presented
here could be useful tools for forensic investigations in the future.
4. Materials and methods
4.1. DNA samples
Buccal cells were collected from 70 healthy Japanese individuals,
and DNA was extracted using the QIAamp DNA Blood Mini Kit (Qiagen,
Hilden, Germany), according to the manufacturer's instructions. DNA
concentrations were determined using a Nano Drop ND-1000 (Nano
Drop Technologies, Wilmington, DE). This study was approved by the
Ethics Committee of Asahikawa Medical University and was explained
in writing to the subjects. Their written consent was obtained.
4.2. Selection of highly polymorphic Alu markers
In the Japanese population, we calculated the allele frequencies of
Alu loci selected from an Alu polymorphisms database (A Database of
Retrotransposon Insertion Polymorphisms in Humans; dbRIP) [12].
The sequences of the primers for 30 selected Alu loci are provided
in Supplementary Table 1. Insertion-speciﬁc PCR was conducted in a
total volume of 20 μL containing 5–10 pmol of each primer and the
multiplex PCR kit (Qiagen) reagent at 1× concentration and
1–10 ng DNA extracts. The reaction conditions were: 95 °C for
15 min followed by 35 cycles of 94 °C/60 s, 55 or 60 °C/60 s, and
72 °C/60 s. PCR products were analyzed by agarose gel electrophore-
sis, and genotypes were determined by product size.Table 3
The accumulated Pm obtained from this study and commercially available kits.
Variation Locus Accumulated Pm
AmpFlSTR® Identiﬁler® STR 15 3.4×10−16
13a 6.4×10−14
AmpFlSTR® MiniFiler™ STR 9 1.0×10−9
This study Alu insertion 30 3.7×10−13
a Selected polymorphic core loci from Federal Bureau of Investigation database.4.3. Design of Alu-discriminating primers
We selected 30 polymorphic Alu insertions (Table 1) and designed
one ﬂuorescence (FAM)-labeled forward primer and two non-labeled
reverse primers (I and II) to produce two short fragments (I and II),
and long fragment for each Alu locus (Fig. 2 and Table 2). We used
the human reference sequence (GRCh37/hg19) on the University of
California Santa Cruz Genome Browser for primer design. Primer3
software (http://frodo.wi.mit.edu/primer3/) was use to design three
primers for each locus by two distinct steps for the two short frag-
ments. We used the parameters “SantaLucia 1998” in both “Table of
thermodynamic parameters” and “Salt correction formula” in this
software. First, we determined the sequences of the forward primer
and reverse primer I for short fragment I using insertion templates.
Second, for the absence of insertions, we designed short fragment II
to be 3–6 bp longer than short fragment I using the combination of
the forward primer and reverse primer II. Moreover, AT-rich se-
quences were added at the 5′ end of the forward and/or reverse
primers for some loci to discriminate short products I and II, corre-
sponding to the presence and absence of insertions, respectively.
Therefore, PCR products generated by the designed primer sets
were discriminated by the 3–6 bp differences between alleles,
which were based on either selecting the primer sites to generate
size differences or adjusting the size of the primers. We classiﬁed
the 30 Alu loci into three sets (Sets A, B, and C); each set contained
10 loci primer sets that amplify different sizes of fragments
(b150 bp).
4.4. Multiplex PCR
Ampliﬁcation of the 30 Alu loci in each individual was performed
by three independent reactions with each primer set (Sets A, B, and
C). Before multiplex PCR, we validated the sizes of the products
from both alleles by single PCR analysis using each locus primer
sets, identifying the two products in insertion alleles and a single
product in the absence of insertions. One nanogram of DNA extracts
was ampliﬁed in a total volume of 20 μL containing an optimized con-
centration of Alu-discriminating primer set (Sets A, B, or C; Supple-
mentary Table 2) and the multiplex PCR kit (Qiagen) reagent at 1×
concentration. The following reaction conditions were used: 95 °C
for 15 min; 30 cycles of 94 °C/60 s, 57 °C/60 s, and 72 °C/60 s; and a
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centration of primers were adjusted to obtain balanced amounts of
PCR products.
4.5. Capillary electrophoresis and allele determination
Each PCR product (0.8 μL) was added to 30 μL of Hi-Di Formamide
(Applied Biosystems) containing 1.0 μL of GeneScan HD400 ROX Size
Standard (Applied Biosystems). Separation and detection were per-
formed on an ABI Prism 310 Genetic Analyzer (Applied Biosystems)
using ﬁlter set D and POP4 polymer (Applied Biosystems). For all
loci, short fragments could be identiﬁed by capillary electrophoresis
using a run time of less than 18 min. Samples were automatically geno-
typed using the Genotyper v2.5 software (Applied Biosystems). The
types of alleles in each set were determined by the comparison of stan-
dard allelic ladder, which contains amplicons corresponding to both in-
sertion alleles and the absence of insertions in the 10 loci in each set.
4.6. Sensitivity and reproducibility
A dilution series of genomic DNA (0.063, 0.125, 0.25, 0.5, and
1.0 ng) from two individuals was used to assess the performance of
multiplex PCR reaction. To validate the methodology, we conducted
a blind experimentwith duplicate samples from25 selected individuals.
Two researchers independently performed the DNA preparation and
the ampliﬁcation genotyping, and the duplicate samples were analyzed
by the researcher without identifying each sample. After the analysis of
the genotyping proﬁles, the third researcher revealed which samples
were duplicates.
4.7. Statistical calculations
Allele frequencies, exact tests of Hardy–Weinberg equilibrium,
and exact tests of linkage disequilibrium were assessed using the
SNPAlyze Ver.6 Standard software (Dynacom, Chiba, Japan). The Pm
for each locus was calculated using the PowerStats v1.2 software
package (Promega, Madison, WI) [29], and the probability of incor-
rectly assigning a match was determined by the accumulated Pm
obtained from 30 Alu loci.
4.8. STR genotyping
STR typing was performed using the AmpFlSTR® Identiﬁler® Am-
pliﬁcation Kit (Applied Biosystems) and the AmpFlSTR® Miniﬁler™
Ampliﬁcation Kit (Applied Biosystems). As recommended by the
manufacturer, PCR was performed using 1 ng of genomic DNA from
70 individuals, and PCR products were identiﬁed using an ABI Prism
310 Genetic Analyzer (Applied Biosystems).
Supplementary materials related to this article can be found on-
line at doi:10.1016/j.ygeno.2012.01.004.
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